Introduction {#s1}
============

Iron deficiency anemia (IDA) is the most common form of anemia worldwide, and it is more prevalent in women than in men due to iron loss from menstruation and pregnancy. Low serum iron, low transferrin saturation, and high total iron binding capacity are diagnostic signs of iron deficiency \[[@R01]\]. Ferritin reflects iron stores and is the most accurate test for diagnosing IDA \[[@R02]\].

Iron is a major component of myoglobin, cytochromes, catalase, and peroxidase. Decreased protein levels and enzymatic activity have been observed in iron deficiency for cytochrome c in the muscle and intestine, cytochrome oxidase in the buccal mucosa and intestine, and myoglobin and alpha-glycerophosphate oxidase in muscle \[[@R03], [@R04]\]. Although the etiology of web formation, esophageal stricture, and the presence of dysphagia is not known, the most probable mechanism is iron deficiency leading to the rapid loss of iron-dependent enzymes and mucosal degeneration \[[@R05], [@R06]\].

There are not enough data about the effect of esophageal function, and it has only been evaluated in a limited number of trials including very few patients. In a study including 19 Plummer-Vinson patients, three underwent esophageal manometric assessment. In these three patients, the pressure in the hypopharyngeal cavity was low and contraction amplitude in the pharyngeal muscles after swallowing was decreased \[[@R07]\]. In another study of 12 IDA patients, a decrease in esophageal contractions and an increase in esophageal transit duration were found \[[@R08]\]. The aim of this study was to investigate the effect of IDA on LES pressure and esophageal motility.

Patients and Methods {#s2}
====================

Thirty-nine patients with IDA over 18 years of age were enrolled in the study. Thirty-four of the patients were women with a mean age of 44.17 ± 14.21 years (min.: 21; max.: 79). The study was conducted from 2010 to 2014 in the Ankara University Faculty of Medicine, Department of Internal Medicine, Department of Gastroenterology Motility Laboratory. The diagnosis of IDA was established according to WHO criteria (hemoglobin (Hb) \< 12 g/dL in women and \< 13 g/dL in men, ferritin \< 30 ng/mL) \[[@R9]\]. Patients with systemic diseases that could alter esophageal functions, hemorrhaging within 3 months, or chronic disease anemia were excluded.

All patients' blood count, ferritin, serum iron, total iron binding capacity, transferrin saturation, and vitamin B~12~ tests were investigated within 1 month prior to motility testing. Thirty patients with functional dyspepsia, who were diagnosed according to Rome II criteria, were also included in the study as a control group \[[@R10]\]. Patients were asked if they had esophageal symptoms such as dysphagia, reflux, and chest pain as well as for the duration of their anemia. The distinction between oropharyngeal and esophageal dysphagia was made by questioning the symptoms of the patients. All patients underwent upper gastrointestinal endoscopic examination and esophageal motility testing on separate days. Endoscopic examinations were performed by one of the investigators using a standard video gastroscope (Fujinon, Tokyo, Japan).

Manometry testing {#s2a}
-----------------

Esophageal manometry was performed using a single catheter containing eight microperfusion state pressure transducers spaced at 5 cm intervals and attached to an online computer (MMS, Medical Measurement Systems, The Netherlands). Patients came to the laboratory after at least 8 h of fasting. The eight-channel catheter was lubricated, passed nasally, and advanced into the stomach. A slow station pull-through was performed at 1 cm increments. Once the lower esophageal sphincter (LES) was profiled, the distal pressure transducer, which included four lumens, was placed in the high-pressure zone of the LES. Proximal pressure transducers were located 5, 10, 15, and 20 cm above the LES. A series of 10 wet swallows (with 5 mL water bolus) were given at 30 s intervals. Each contraction was recorded and then analyzed by a computerized software system (MMS, Medical Measurement Systems, The Netherlands) for amplitude, contraction, and velocity. The catheter assembly was then located 5 cm above the LES for assessment of the pressure from the distal part (5 and 10 cm) of the esophagus. Average LES resting pressure (reference 6 - 25 mm Hg), percentage of wet swallowing over peristaltic waves (reference N: 80%), and average esophagus corpus amplitude (reference 30 - 160 mm Hg) were determined. LES relaxation and residual pressures were also recorded. The conventional classification of esophageal motility was used for diagnosis of abnormal esophageal function \[[@R11]\]. This classification is summarized below. 1) Normal: normal velocity; normal peristaltic amplitude; ≥ 7 peristaltic contractions with an intact wave progression (amplitude \> 30 mm Hg). 2) Achalasia: absent distal peristalsis; incomplete LES relaxation (residual pressure \> 8 mm Hg); elevated resting LES pressure (\> 45 mm Hg). 3) Diffuse (or distal) esophageal spasm: simultaneous contractions (≥ 20% wet swallows); intermittent peristalsis; repetitive contractions (≥ 3 peaks); prolonged duration contractions (\> 6 s). 4) Hypercontracting esophagus: hypertensive peristalsis (nutcracker esophagus) (increased distal peristaltic amplitude (mean value \> 220 mm Hg); increased distal peristaltic duration (mean value \> 6 s)); hypertensive LES (resting LES pressure \> 45 mm Hg; may be incomplete LES relaxation (residual pressure \> 8 mm Hg)). 5) Hypocontracting esophagus: ineffective esophageal motility (esophageal hypomotility) (increased low amplitude peristalsis (≥ 50% wet swallows); low distal peristaltic amplitude (\< 30 mm Hg)); hypotensive LES (resting LES pressure \< 10 mm Hg).

The term non-specific esophageal motility disorder was used when a patient with dysphagia and/or chest pain had abnormal findings on esophageal motility tracing but did not fulfill the criteria for other diagnosis.

This study was approved by the Institutional Review Board of Ankara University Medical School, and all patients provided signed informed consent before entering the study. Statistical analysis was performed with SPSS 11.5 for Windows (SPSS Inc., Chicago, IL). Metric values were expressed as mean ± standard deviation (SD) and median (minimum-maximum). The differences between the groups were evaluated by Student's *t*-test, one-way ANOVA, Mann-Whitney U test, and Kruskal-Wallis test, depending on the normality of the data. P value less than 0.05 was considered to be significant.

Results {#s3}
=======

Between 2010 and 2014, 39 patients with IDA were enrolled in the study. Hemoglobin value, ferritin value, and anemia duration of the patients were 11.42 ± 0.86 g/dL (9.7 - 12.9 g/dL), 9.46 ± 6.75 ng/mL (2 - 30 ng/mL) and 34.37 ± 24.65 months (6 - 96 months), respectively. More than three-quarters (76.4%) of the patients had at least one of the symptoms (reflux, chest pain, or dysphagia). Most commonly seen esophageal symptom was dysphagia (21 patients, 53.6%). Celiac disease was also present in three patients, and all of these three patients had dysphagia. The IDA patient characteristics are summarized in [Table 1](#T1){ref-type="table"}. The control group consisted of 30 patients: 18 (60%) women and 12 (40%) men. The mean age was 43.50 years (± 10.93). There was no significant difference between the mean age (44.17 ± 2.27 years vs. 43.50 ± 10.93 years, P = 0.829) of patients with IDA compared to those in the control group.

###### Clinical and Laboratory Features of Patients With IDA

  ------------------------------------- --------------------
  Gender (F/M), n (%)                   34/5 (87.2%/12.8%)
  Mean age (years)                      44.17 ± 2.27
  Ferritin (ng/mL)                      9.46 ± 6.75
  MCV (µm^3^)                           81.52 ± 6.42
  Hb (g/L)                              11.42 ± 0.86
  Serum iron (µg/dL)                    42.51 ± 20.80
  Serum iron binding capacity (µg/dL)   402.97 ± 48.49
  %Transferrin saturation               11.58 ± 5.81
  Hb \< 11 (g/L), n (%)                 13 (33.3%)
  Anemia duration (months)              34.37 ± 24.65
  Dysphagia, n (%)                      21 (53.8%)
  ------------------------------------- --------------------

Manometric findings {#s3a}
-------------------

LES resting pressure was 25.41 ± 11.67 mm Hg, LES relaxation (%) was 93.30 ± 9.88, LES relaxation duration was 5.33±1.61 s, and mean esophagus contraction amplitude was 61.61 ± 24.21 mm Hg in IDA patients. In the control group, these parameters were 19.96 ± 6.58 mm Hg, 95.53±5.81%, 8.75 ± 1.86 s, and 63.23 ± 18.86 mm Hg, respectively. When patients with IDA were compared to functional dyspepsia patients, LES resting pressure was higher (P = 0.025) and LES relaxation duration was shorter (P = 0.000). There was no statistically significant difference between LES relaxation (%) (P = 0.278), mean esophageal contraction amplitude (P = 0.764), and velocity (P = 0.191) ([Table 2](#T2){ref-type="table"}).

###### Manometric Findings in Patients With IDA Compared to Control Group

                                            IDA             Functional dyspepsia   P
  ----------------------------------------- --------------- ---------------------- -------
  LES resting pressure (mm Hg)              25.41 ± 11.67   19.96 ± 6.58           0.025
  LES relaxation (%)                        93.30 ± 9.88    95.53 ± 5.81           0.278
  LES relaxation duration (s)               5.33 ± 1.61     8.75 ± 1.86            0.000
  Esophagus contraction amplitude (mm Hg)   61.61 ± 24.21   63.23 ± 18.86          0.764
  Peak velocity (cm/s)                      12.67 ± 37.95   3.50 ± 1.63            0.191

Esophageal dysmotility was detected in 11 of 39 patients with IDA (non-specific esophagus motor disease: three patients; achalasia: two patients; hypertensive LES: two patients; esophageal hypomotility: three patients; hypotensive LES: one patient), whereas none of the functional dyspepsia patients had any abnormalities. Nine (81.9%) of these patients had dysphagia and two (17.1%) had reflux symptoms.

Twenty-one IDA patients had dysphagia symptoms. The mean age, anemia duration, mean Hb, mean ferritin, esophageal motility impairment, mean LES resting pressure (mm Hg), median LES relaxation (%), mean LES relaxation duration (s, x ± SD), mean esophagus contraction amplitude (mm Hg), and mean peak velocity (cm/s, x ± SD) were not significantly different in patients with dysphagia compared to patients without dysphagia (46.95 ± 16.42 years vs. 40.94 ± 10.67 years, P = 0.192; 32.57 ± 26.69 months vs. 36.90 ± 22.62 months, P = 0.681; 11.52 ± 0.95 g/dL vs. 11.29 ± 0.74 g/dL, P = 0.405; 8.90 ± 5.89 ng/mL vs. 10.11 ± 7.76 ng/mL, P = 0.585; 38.1% vs. 16.7%, P = 0.130; 24.80 ± 11.53 mm Hg vs. 26.11 ± 12.13 mm Hg, P = 0.734; 90.76±12.79% vs. 96.27±2.92%, P = 0.082; 5.48 ± 1.91 s vs. 5.15 ± 1.20 s, P = 0.531; 61.28 ± 23.39 mm Hg vs. 62.00 ± 25.82 mm Hg, P = 0.928; 20.54 ± 52.38 cm/s vs. 4.36 ± 1.36 cm/s, P = 0.199, respectively) ([Table 3](#T3){ref-type="table"}).

###### Manometry Findings in Dysphagia Positive or Negative Patients Who Have IDA

                                            Dysphagia positive (n = 21)   Dysphagia negative (n = 18)   P
  ----------------------------------------- ----------------------------- ----------------------------- -------
  Mean age (years)                          46.95 ± 16.42                 40.94 ± 10.67                 0.192
  Anemia duration (months)                  32.57 ± 26.69                 36.90 ± 22.62                 0.681
  Motility impairment (n = 11), n (%)       8 (38.1%)                     3 (16.7%)                     0.130
  LES resting pressure (mm Hg)              24.80 ± 11.53                 26.11 ± 12.13                 0.734
  LES relaxation (%)                        90.76 ± 12.79                 96.27 ± 2.92                  0.082
  LES relaxation duration (s)               5.48 ± 1.91                   5.15 ± 1.20                   0.531
  Esophagus contraction amplitude (mm Hg)   61.28 ± 23.39                 62.00 ± 25.82                 0.928
  Peak velocity (cm/s)                      20.54 ± 52.38                 4.36 ± 1.36                   0.199
  Mean Hb (g/dL)                            11.52 ± 0.95                  11.29 ± 0.74                  0.405
  Mean ferritin (ng/mL)                     8.90 ± 5.89                   10.11 ± 7.76                  0.585
  MCV(µm^3^)                                83.43 ± 5.10                  79.30 ± 7.18                  0.043
  Serum iron (µg/dL)                        46.19 ± 20.51                 38.22 ± 20.89                 0.238
  \% Transferrin saturation                 11.28 ± 4.85                  11.94 ± 6.88                  0.729
  Serum iron binding capacity (µg/dL)       412.09 ± 41.52                392.33 ± 54.82                0.209

The IDA patients were divided into two groups based on their Hb values (≤ 11 g/dL or \> 11 g/dL). Hb values under 11 g/dL were detected in 13 of 39 patients with IDA. There was no significant difference between dysphagia (%) (53.8 vs. 53.8, P = 0.632), mean anemia duration (month) (30.30 ± 24.99 vs. 37.28 ± 24.92, P = 0.506), esophageal motility impairment (%) (38.5 vs. 23.1, P = 0.262), mean LES resting pressure (mm Hg) (28.38 ± 14.18 vs. 23.92 ± 10.19, P = 0.266), median LES relaxation (%) (93.23 ± 8.61 vs. 93.34 ± 10.63, P = 0.973), mean LES relaxation duration (s, x ± SD) (5.30 ± 1.40 vs. 5.35 ± 1.73, P = 0.929), mean esophagus contraction amplitude (mm Hg) (69.46 ± 28.88 vs. 57.69 ± 21.04, P = 0.155), and mean peak velocity (cm/s, x ± SD) (3.83 ± 0.79 vs. 46.75 ± 9.54, P = 0.304) in patients with Hb values under 11 g/dL compared to those with Hb values over 11 g/dL ([Table 4](#T4){ref-type="table"}).

###### Manometry Findings in IDA Patients With Hemoglobin Levels Equal to or Above 11 and Hemoglobin Levels Below 11

                                            Hb ≤ 11 (n = 13)   Hb \> 11 (n = 26)   P
  ----------------------------------------- ------------------ ------------------- -------
  Dysphagia (n = 21), n (%)                 7 (53.8%)          14 (53.8%)          0.632
  Anemia duration (months)                  30.30 ± 24.99      37.28 ± 24.92       0.506
  Motility impairment (n = 11), n (%)       5 (38.5%)          6 (23.1%)           0.262
  LES resting pressure (mm Hg)              28.38 ± 14.18      23.92 ± 10.19       0.266
  LES relaxation (%)                        93.23 ± 8.61       93.34 ± 10.63       0.973
  LES relaxation duration (s)               5.30 ± 1.40        5.35 ± 1.73         0.929
  Esophagus contraction amplitude (mm Hg)   69.46 ± 28.88      57.69 ± 21.04       0.155
  Peak velocity (cm/s)                      3.83 ± 0.79        46.75 ± 9.54        0.304

Discussion {#s4}
==========

IDA is the most common form of anemia worldwide, and it is more common in women than in men due to iron loss from menstruation and pregnancy. In South America and Asia, the iron deficiency rate is reported as 1.9-14% in men and 15-64% in women \[[@R12]\]. In our study, three-quarters of 39 IDA patients experienced esophageal symptoms such as reflux, chest pain, and dysphagia. The most common esophageal symptom was dysphagia, with an occurrence rate of 53.8%. All patients with dysphagia had oropharyngeal dysphagia. No esophageal web or stricture was observed in any of the patients with endoscopic or radiologic examination.

The etiology of esophageal strictures, webs, and dysphagia in iron deficiency cases is not clearly understood, but it has been suggested that a decrease in iron-dependent enzymes leading to mucosal degeneration may be the cause \[[@R05], [@R06]\]. Plummer was the first to describe the relationship between IDA and the esophagus in 1912 \[[@R13]\]. It was shown that cervical esophageal webs, which are present in Plummer-Vinson or Paterson-Brown-Kelly syndrome, are associated with IDA.

In a study by Okamura et al including 19 patients, all of whom had dysphagia symptoms, esophageal webs were shown in the esophagographies of all patients, but no membranous structures were detected in 13 patients who underwent endoscopic examination. In three of these 19 patients, manometric analyses were performed, and the pressure measured in the hypopharyngeal cavity was low. In those three patients, the hypopharyngeal pressure normalized after iron replacement. In 15 of the 19 patients who were followed up long term, dysphagia symptoms disappeared completely with iron supplementation, and it was shown that shrinking or disappearance of the esophageal web occurred after the dysphagia symptoms disappeared. The authors concluded that the primary cause of dysphagia could not be the web, as dysphagia disappeared in the first and second months of treatment while the decrease in web size occurred after the second month of treatment \[[@R07]\].

Dantas et al evaluated esophageal function in 12 IDA patients (11 females and one male). Esophageal manometry was performed for 11 patients, and the esophageal transit time was studied by scintigraphic methods in 10 of these patients. In this study, no significant difference between oropharyngeal transit times was found between the IDA patients and the control group. However, there was a statistically significant increase in the proximal and middle esophageal transit time in IDA patients. The LES resting pressure, LES relaxation time, and velocity in IDA patients were no different from those in the control group. The esophageal body contraction amplitude and contraction time 9 and 15 cm above the LES was significantly lower in the IDA patients when compared to the control group \[[@R08]\].

In another study published by the same researchers, 12 IDA patients were evaluated by esophageal manometry. It was stated that the contraction time and amplitude in the esophagus was low. When the initial five consecutive and final five consecutive swallow amplitudes, velocities, and times were compared, there was no significant difference between them \[[@R14]\].

In our study, esophageal body functions and LES functions were evaluated by manometry in 39 IDA patients and 30 functional dyspepsia patients (control group). In the IDA group, the mean LES resting pressure (mm Hg) was 25.41 ± 11.67, the LES relaxation percentage (%) was 93.30 ± 9.88, the mean LES relaxation time was 5.33 ± 1.61 s, the mean esophageal body contraction amplitude (mm Hg) was 61.61 ± 24.21, and the mean velocity (cm/s) was 12.67 ± 37.95. In the control group, these parameters were reported as 19.96 ± 6.58 mm Hg, 95.53±5.81%, 8.75 ± 1.86 s, 63.23 ± 18.86 mm Hg, and 3.50 ± 1.63 cm/s, respectively. When both groups were compared, the LES resting pressure was higher and the LES relaxation time was shorter in the IDA group than in the functional dyspepsia group.

In our study, esophageal motility disorders were identified in 11 (28.2%) of the 39 IDA patients. Non-specific esophageal motility disorder was shown in three patients, achalasia in two patients, hypertensive LES in two patients, esophageal hypomotility in three patients, and hypotensive LES in one patient. Complaints of dysphagia were present in nine of 11 patients (81.9%), and two patients (17.1%) complained of reflux. There is no information in the literature about esophagus motility disorders that may be present in IDA patients. In this regard, our study is capable of contributing to the relevant literature.

Case reports of celiac disease patients presenting with Plummer-Vinson syndrome are present in the literature \[[@R15]-[@R18]\]. In a study evaluating the association between cervical esophageal webs and celiac disease including 21 dysphagia and esophageal web patients, IDA was identified in 18 of the patients, while five patients were diagnosed with celiac disease by tissue transglutaminase activity and duodenal biopsy results. IDA was present in the five patients diagnosed with celiac disease, and consequently it was recommended that esophageal web and IDA patients should be screened for celiac disease \[[@R19]\]. In our study, celiac disease was identified histopathologically in only three of the duodenal biopsies obtained during the upper gastrointestinal endoscopies of IDA patients. The diagnoses were verified with serological tests. In our three patients with IDA plus celiac disease, dysphagia was present, but an esophageal motility disorder was present in only one patient. Esophageal body contraction amplitude was found to be lower in this patient. In a previous study including 18 celiac patients with esophageal symptoms, patients were studied by manometry, and motor disorders such as nutcracker esophagus and hypotonic LES associated with simultaneous contractions were found in 67% of the patients \[[@R20]\].

It is unknown whether esophageal functions change in accordance with the degree of IDA. With a goal of understanding this issue, patients in the IDA group were classified based on having Hb levels higher or lower than 11 g/dL. No statistically significant difference in the presence of dysphagia, duration of anemia, presence of motility disorders, LES pressure, relaxation percentage, relaxation time, esophageal contraction amplitude, and velocity parameters was reported. In addition, the IDA patients were split into two groups according to the presence of dysphagia; no difference was found in the same parameters between the groups.

Our study is limited in some aspects. 1) Although all IDA patients had oropharyngeal dysphagia symptoms, the upper esophageal sphincter was not evaluated with a solid-state catheter. 2) High-resolution manometry systems were not used. 3) Video cineradiography was not performed in the patients with oropharyngeal dysphagia symptoms.

In conclusion, dysphagia symptoms were present in more than half of the patients, independent of the degree of IDA. In manometric evaluations of the IDA patients, the LES resting pressure was increased while the LES relaxation time was decreased. In addition, in approximately one-quarter of the patients, esophageal motility disorders were present. Taking into account of this information, our study suggests that IDA can affect esophageal function. There are only a limited number of trials including very few patients present in the literature. Thus, prospective studies with larger patient series are necessary.
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